Potentiation by dehydroepiandrosterone of the neuronal response to N-methyl-D-aspartate in the CA3 region of the rat dorsal hippocampus: an effect mediated via sigma receptors.
We have previously shown in vivo that low doses of selective sigma (sigma) receptor ligands potentiate selectively and dose-dependently the excitatory response of pyramidal neurons to microiontophoretic applications of N-methyl-D-aspartate (NMDA) in the CA3 region of the rat dorsal hippocampus. As several neuroactive steroids such as progesterone and testosterone have a high affinity for sigma receptors, the effects of some neuroactive steroids on the NMDA-induced neuronal response were assessed using extracellular unitary recordings of CA3 dorsal hippocampus pyramidal neurons obtained in anesthetized Sprague-Dawley rats. Low doses of dehydroepiandrosterone (DHEA) potentiated selectively and dose-dependently the NMDA response without affecting those to acetylcholine or quisqualate. This potentiating effect of DHEA was suppressed by the selective sigma 1 antagonist NE-100 and by the non-selective sigma antagonist haloperidol. Low doses of progesterone and of testosterone did not modify the NMDA response, but reversed the potentiating effects of DHEA as well as those of the non-steroidal sigma ligands di-tolylguanidine (DTG), (+)pentazocine and JO-1784. The two neuroactive steroids with a low affinity for sigma receptors, pregnenolone and pregnenolone sulfate, had no effect on the NMDA response, and did not modify the potentiation of the NMDA response induced by DHEA and by non-steroidal sigma ligands. The potentiation of the NMDA response by DTG (1 microgram/kg i.v.) was significantly greater in ovariectomized rats than in males and non-ovariectomized females on either day one or three of the estrous cycle. These results suggest that some neuroactive steroids such as DHEA, progesterone and testosterone modulate the NMDA response via sigma receptors. Furthermore, they also indicate that endogenous progesterone and testosterone, by acting as non-selective sigma antagonists, may produce a tonic dampening of the function of sigma receptors and consequently a decrease in the NMDA receptor function.